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(57) [£»] 

ttfcKmfrtmtUTWJB&SfttiSi (SI3N4) £ 
7>^7&tf ( t -C4 H9 NH) 2 

s i h 2 (0{t^-c«sn4'>5>j5»6fiJEfl:¥5Ha* 



(2) 



1 -1 7 2 4 3 9 



H#-8fg»jfc©$Sffi3 

m*mi] 7>^7W (t-C4 H 9 NH) 2 

s i h 2 6Dft^-pasn<bj'7>*«fflUT. s«± 

im*m2] ±ias*r<oa«**5o o~8 o or©« 
Bra-sft^JH i tie*©***. 

CH*3®3] EW2 0mTorr~2Torr 
(2. 6 6 6~2 6 6. 6 P a) (OtfflT?*5H*®l 

[i«4] ±K7> : e=7© ; E;MBc/±e->'5>© 10 
^JHRWtfc&t 2 cfcO <b*SV>«sll31 1 KE«©3&tt. 

5 ] _tje*Ha«-> u ^ >-eab^>ffl*5 i icie 

*&©#&. 

6 ] ±B*tt>WMP 5W ^T$5i*ffl 1 

[W*5 7 3 ±8ES*r^7 7v h/^J^7.^W 
T**1I*3B 1 KffiSi©;^*. 
[S*a8 3 £TF©a) ~d) ©Xg£#tr. 

a) S#&±ffi««K;fcHT5 0 0~8 0 CCCffiB© 20 
MEKJnllWSIg. 

b) attt*±B»ttK*i^T2 0mTorr~2Tor 
r (2. 666~266. 6 P a ) ©«»©«£££*# 
T3XS. 

c) ±C»«IC7 , >*:=7£ (t -C4 Hg NH) 2 S 

i h 2 ©fl:^-e^sna^7>s»A'r«i8. 

d) mtt±lZ$lit&m&m$:l$,&2l*:Z><D\Z+ftf3La) 

~c) ©*fr&it«fraxe. 

[0 0 0 1 3 30 
[0 0 0 23 

[^©aflfS^fSW^ftb-fc^tf 5»S3 

x©aaigt*nT. Sftaai (s i3N 4 ) ©£ 

>i«gT«5„ S<taSi©»B«. ffiiRvX*, it 
fciSWH. M/>f«ftft. iglr>*84*&&«jBE©&ftH 40 

ffl^WrTfgi&^tlT^S,, rs em i conduct 
or and Process Technology 
hand bookj .Gary E. McGui 
r eil. Zi-vt-y-'WNoyes Pub 1 i 
cation. (1 9 9 8) . 2 8 9~301 1— 
& <bTS\Z Tsilicon Processing f 
or the VLSI ERAJ . Wo 1 f . S t a 
nley. &t>"T albert. Richard N, 50 
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*^7*;^7^>ty r-t'-f La t t i c e P 
ress (1990) . 2 0~2 2&tf3 2 7~3 3 0 

[00033 ^B<D¥mft&m\zmz>mww£&<tm 

T, >7 5 0tOJ|?y h>>*-MJSil*J-efiEft*« 

[00043 **©->'J3>^xa— ±^©s{taai© 

y^na->7>t7 - 7£®fflT3&ffift ; ¥ : MfB/i£ 
ft (LPCVD) fi, fflfflTS*J&B&K£*9-tt&*§ 
ZtzBb\Z7 5 O^Ofc&^J&fii&SSr&gtTS. cfc 
UH^SiaattJftSWC «&©£&#ft£f§Sfc«> 

D. ^nb©^<^££TF»f$ 0 
[0 0 0 53 i) 8 5 0t*iT'ffl)Sfi(i ifisSfc&tt 

i i) ->^><hvi7nnv7>«, g**S*ttT*«tt© 

i i i) i;/7nny7>^bffbnfc» ISSit 

i v) ^PDS/5>*»6fP6nfcftlttt. ®J£J«%i: 

[0 0 0 63 Hl¥6- 1 3 2 2 8 4ff4fc«K, 7>^ 

VJHfl;*SMBJ«ftlC«fcr3T, (Ri R2 N) „ S i H 
4-n (Z.Z.TR] «H-, CH 3 ~. C2 H5 

-. C 3 H? -. C 4 H9 -) ©^S^iOilIy? 

n^.5feffi^S«. I£75>Ta&f). #f8W©«£-©«fc 
5ftNH»^*l/fcfeomT?V>ftt>. 
400W80~100Torr (10. 67~1 
3. 3 3kPa) <h^t>fciiS^JE7 v J©v>^'5'XA- 
SfS8Sl*3Tffofc. inb©£l^TfflS i/N©Itt 
0. 9 (S i 3 N 4 gcmTCQS i /NOfilliO. 7 5) 

^;u©fl^T*s„ 

[0 0 0 7] Sor i taittJ. Electro, c 
hem. Socffll 4 1#1 2^ (1 9 9 4) 3 5 0 5 
~3 5 1 M-yt, LPCVDSTy^PP->7>i: 

7>*~T&&mTz>mkmm<Di$,&£mwf2>. c© 

XgT?©±fc£fifc*tt. 75/^PDy7>, Sft3iJ|? 
RtftSffcTi^x^A-C**. ffi<k7>^^^A©ffM 
tt. S i - C 1 *-&&jfc®t&K©±fcfc&-C**. 
7>^^A(DMIi. «©««5, SHtrtS.^>7 p g 
«rtT?©«ft7> ; En9A<a : F©«JSR^*6ffl*'bfcS 
l-o &E4ftH£tt*&$tt#£H:. ^tUTNH4 C 
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[0008] B. A. Scott. J. M. Martn 
ez-Duart. D. B. Beach. T. N. Ng 
uyen. R. D. Estes&tfR. G. Schad 
fiCh emt r on i c s. 1 9 8 9. 4#. 2 3 0- 
2 3 4^—/T. 2 5 0~4 0 0t:c0ragiiH»LPC 

»«K«©*:*K:»nfl!>a:U>aft:3S*|jEfi©l|ll»f4»b 

[0 0 0 9] J. M. Grow. R. A. Levy. 
X. FanWM. BhaskaranttMater i 
als Letter. 23, (1995) ©187- 
19 3^-yT, 6 0 0t;~7 0 0 < C©SSK3B©LP 
CVDffity t-^y^^tTy^/^fflt^ 

[0010] A. K. Hochber g&tfD. L. 
O' Me a r a KM a t . Res. S o c . S ymp. 
Proc. 02O4f (1 9 9 1) 509—514^- 
•yt, LPCVDlCctot. 7 >^X7 £— Kfls£jR<fc 

ft k yif jv -> 7 > * ffiffl -r a g-rts* <t ->g{ts 

*©lfcB«:*&TS. j£fitt6 5 0-7 0 0°C©i&g|fi 
3, LPCVDtel^W, \S.i£<DS i -Cjs**£5£-£ 

«**«fc >? tt » t . &mrfi%m & $ ts z. t o r ir i 

§ 0 vX5 L ;U->7>+7> ; E-7»7jj 1 £{JUiSWt. # 
S£jg2 (temperature ramping) ~& 

[ooii] Mmmf-m 5 , 234, 8 6 9 nmmwA 

ZfiR. G. GordonWD. M. Hof fraanH 
Chem. Mater. . 2i (1 9 9 0) 4 8 2-4 
8 4^-vlc43^T. 7^r-7*X (^^^)U7Sy) > 
7>©i5&75/y7>T?, ^*nSSSiOft*«^ 
$-BrSfd!©ia^-^P^-rS» j£g©fi£tt3 0 0-1 0 
0 0*Ccr)®HT. )±A(ilmTo r r~l OTo r r 
(0. 1 3 3 3~1 3 3 3 Pa) Oilt*^ jggS© 
S i -N^'SaLTS i -ce^fiFftLfc^JIfc 

^ & . c oil® ftKqMtlctt 3 

[0012] 1) ^ne>^N-*5P;i,S£^A,Ti5 9. 

c © * ^/i/gtt c v d ri^^fcfS^fc -> u n >mffiiz& 

ftfc. ^nizXteiSiia 07 0 0*0 Stf7>^x7/ 



4 

O10) ■fe^Bfcf*. 7>^Ex7© 

3) £Q&uT?tef&&mmt£}-&mEft\z2.b^ o 

5%) . 

[0013] m&<D&ffitef&u&zfm*m&mm-?<o> 

»tTfif*4: LT#6tl4Al!l<0«*SJfe| t jlt**5 , >S 

HSjfflttX'tfKjgnlffiftlil^*'? (l 0 ofiJLto^x/N 
-) Ki3^T{£ffi (20mTorr — 2Torr (2. 
666-266. 6 Pa) ) T&SMKflsffl-raSfcJi 

[0 0 14] 

WTfflSTl^n^yyy*^ LTimttfta* 
( t -C4 Hs NH) 2S1H2 

[0 0 15] jif^K teSfcf©t&Ste*<J 5 0 0-8 0 0 
c CT-©fgfflTr$>So }f$U<lt J±7jHt^2 OmTo r 
r — 2Torr (2. 666 — 266. 6 Pa)©«5H 
Tfe^o »SL<H 7> ; EX7© ; E;UiC/v^>© ; & 

3>Tfe§ 0 £?£L<«:. Stfttiff/HXf*5. 

[0 0 16] »£L^ffi«Kte^T#fSWtt. £TF© 
a) ~d) ©I@£^i?. R*5®«T©S{ta*©<£a 

a) S#*J6U»UT±IB««T#«J5 0 0~8 0 0t©ig 

b) SW*±E"ai«TlB2 0mTorr~2Torr 
(2. 666-266. 6 P a) ©^ffl©^^?^ 

c) ±!2®«(C7> ; tX7S^ ( t - C4 H9 NH) 2 
S i H2 ©ft^TS2ftl.y7>^At^lS. 

d) S«-±CSfta*©fitlS*©'C+»J&:a) ~c) © 

[0 0 17] 

mw<Dmm<DMB,) m^mmmmm^ (vlsd 5 s 
50 awcjacgxttniffls-Bra^tA^frs. vlsisi 
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i^SttS. rSI|fciiHM$ttt^:tsys i 
O2/S i#ffi£fctt*«ftfc*3H4©&«&l;:» 

jg*-Sft!l©*iL6££f^> CftfcliS 13 N 4 <D5F*E«bR 
K-A> McWS&lfcPM:^ St»««**«HE. 

[0018] VLSI ©fjiSTtt. *S©jK$fcffc¥ 

x * 5 ^ p >ffim<DMo& ^ffiit-r s^& : k 

ffflW^n*/^*-*©— 8 5 0<CJ;9{£^ 

lOffRtf#tfM, Xttffc£*¥*#5W X»J 
ig©«fc5&te©8ffiT©ffli$a*i&S. 20 
[0019] #389itt, «nfclQ— ttf^mroMfC 

43 ^ T^ta^ £/«fi $ its 7 5 y -> 7 >m t u t © t* 

X (t-yf^757) ->^>&3£falTSo 
[0 0 2 0] fX (t-^T^y) v^>te£TF© 

( t -C4 Hg NH) 2 S i (H) 2 

[0 0 2 1 ] j&fi Ufe/»2ffin7ci3-'l4£f? 

fX (t-/?^75/) ->^>«Bje.^{C, LPCV 
DK<fcSv#PD:>7> + 7>^:-7©#i*<fc9 2 5 30 
0~3 0 0ti£l>Sg«g««ft SHrtt 

757) >/7>©J;-5^iBffi^*-&tr^©7S/>'7 
>«, LPCVDfc<i:^TZ:©<fc 3 

So 

[0 0 2 2] fX (t-yfJl/75/) ->7>©8££& 
#So fX (t-^7^;) ->7><DSft»»©|R, 40 



0 RS^ns. 7 y ? u MaiEttfcsfcje'r 

y7;^^7s; i/7>tJt«i/T. t-y^ 

75/SI4t-^75yStOS*-**lg^ (N 
-H) ©#«E©fc»fc>?7;i'+;U7S>«k0ffiSttT* 
•S„ N — Hig£©#*Etelt;#^b L^f v> 3 -*s5i©& 

[0 0 2 3] h'X (t-7fM5/) ->7>©ft&«Z>fiJ 
,&te^T«rg^JTi*S. 

1) 40~45tt7. 5Torr (9 9 9. 9 P a) 

So 

4>©S i - C Ifif&tt, gaSHSKfifc-gf SJfrTfcT^ 
-^A©Jgrit*»l»TjS3R*:i5fe^Sjg5jl-rs. 

3) 5feK«ftflttieSf©S i -C*g-&*-&*r, fefib 

S cfc 3 1'^* £^ £ O fc. 

4 ) t - ?=?)\,7 5 / mitt Mmmm&t ltiss 

S„ -3Bte £ ©<ffc-&%a*N - H££"&£&0 

(EitTSo 

5) 5?^PD>'7>t7> ; t-7©^ffiCW:iS!Ufc» 
t*X (t-7*^75 7) v^>ttffin/t±^-14* 

i3W©Mtcj;sfe©fcsoo ^ne©is^©5i^ 

tt. S«S®T?©^©nIi!itt*iS*SitS: 

6) y75 7. ^ f 5 7 0«ftffi©7 S 
il!l©7^7S>StJt8LT. ©ftlg!$>K£ 
ffifflTS/£ftSS«2 5 0~3 0 0t{E<TJ;^o 

[0024] «i<DifcmvmG>i&&m&* mmwmzfo 

[0 0 2 5] 

Si] 
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ftmW-l 1 - 1 7 2 4 3 9 







&&&& 

CO 




SiH,+NH s 




200-400 




Cl,SiH,+NH a 


mmmstz? 
at** 


>750 


WAtt/fXo Hig© si-cits 


(CeH^SLHs+NH, 


20TCT 
lOOTorr 
Q330Pa) 


650-725 


o IgO Si-Cltt&„ S&Bi* 
<Z>>2A>©ffe#*$«& 0 ^ 

ttii 


(t-C4H B )»SiH t +NH« 


20. 5Torr 
(2733Pa) 


600-700 


e8=©Si-C*§£?o 
ttBfcKJR&tdOS^) 


C(CH,) J N],SiR+NH, 
R=H ij; fz liCHa 


C2133Pa) 




5SfiE5>A<>2%-e. r>*- 
> 5 %<0^-t-^i^-tto 




45VC 
7. 5Torr 
(999. 9?a) 


500-1000 




(t-C,H,),Si(NH»).+NH 3 


39t;-e 

2. lTorr 
(280. OPa) 


600-700 





[0 0 2 6] t'7. (t-^7S7) is?>{t&mZ 
£/fc±I2CQN-HS§£$#ttcDfcg>t', vt-^JUT5 

(analog) J; 9 b < , RZt\i7, 

(t-»75 7) ->^>tt. h'JXttf h7 

/) ^7 >iMHi^f o ti< st; i 

[0 0 2 7] ^fta*&||g<0}gBK-r*fc«)fw. t*7> ( t 
-^757) y7>SC/7>€-7^, (jfS 

b<«5 o ox:- 8 o o'CAc^ igtaccffliofe 

fi.VtzmT'mz.'Q. m>£4tt£*ftl)t&l&ft3-e:*. s 

x^-«sn§. ^nii->7>t7>^7(D^ 

[0 0 2 8] CVDCO^DirXHa) mtii^a-feX. & 



m&fs.mmwzmmiz&^T^Tfrfctitiz. -©=t 

^<o^cgl7°at^(i^iia«iiilill/fctt 
CSBtft5it*»*5*«. -^tcSHR^tt, MSB 

[0029] OTs*S3iafttiaffiii*nt*{riijn-rs. 
Ts*. c:©«fc5K:a»ifi«iaT»4dEfitt*KiMft»jan? 

[0 0 3 0] R«jg«M*frT?*lfir**»K:*»r» 
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-&mmzm%. l&i^©t. sifcmmmzm-t&jMmte 

fctt**OSKfc;L£-Ctt&^. d©cfc5ft£14R^iI 

K&jS«a-eftfe-rs«-c, lpc vDjR^f§F*g(r^x 

A- *E a £ *T#*fc: »iS ^ * xm^MiS ZZ\t tfi-C 

taitfieat'ttTJbs. ^©3*14, lTorr 

(13 3. 3 Pa) T&3LPCVDRf£;§§©ffifiE 

ftfrrtt, m#«©ffifW4*^j£©^tij; oiooo 
[0 0 3 1] fx (t-7^;U7*/) ->7>4>©t- 

[ 0 0 3 2 ] ffiffiftfMJSfi (LPCVD) fete. 2 
0mTorr~2Torr (2. 6 6 6-2 6 6. 6 P 

a) offi*«H"TrfT5ct*»-c**fl:*R«fc*tr. ft: 

(CVD) ffi(4. -5*&nfci&fit JErt&tf 

[0 0 3 3] 1) KJS&£5fSSKi»A-f33jgT-;fco 
T . Rj£W4&® ft e. «*iS14 # 7. T?»R U T fe «fc b\ 

2) E«i#S*«fctK1RSli:*lS. 

3) R*fr***f±ft:!R#S-&T. «*Ufc*HPS3iB5 

IS. 

4) ft^^^gffiTS' Lt. fi?lLfcfeI^LT 
R«CDaflcM4l3E*SlBWr-r*l8. rjs«> 09Atf*ft 
Xtt3t^t^ofcVKO^0!)*RC«k-3TJ&*S. LP 
CVDSfBiSi^j^-SffiffltS. 

[0 0 3 4] *¥f*y hf*— ;Wx«S«. VLSI 

zmmirzLFcvDizm.hfcKmmznzo z\n*> 
«, #u-si, gfta«, K-e>^nawttH 

fc&K^-tr*?), fttffcgtfXA- (6" ~1 2" 
(15-3 0 cm) ) lzmmT'%2><DT'fc<mmZtl 

[0 0 3 5] SB«E*»LPCVDR«»fc-»fc£* 
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[0036] fcm&m&i&iE&mz-fzrzsbiz. &-&t> 

/ - * - 0 #$4&£a Id 7 >f - H A' «v * $ ttTWW 
t-^>o EfS«0)8«»tt. Sf2PWftffif&#-hf*l©9m 
mffi|fiB©8 0iB©lSgl 0 0mmy'j3>^I^-^f, 
ft*. tf-Mi^DtCS-trC. ^XA-ffl^WMf 

tf*rr)lz&?T&z:z&m&<D®m&ffio z\£iz£? 

14. W»©#»jiSJ»*»T«-*i± HCT-fcofc. -7X 
[0 0 3 7] &*©j«fi3t»tt;jc¥BfiEJS8Tfrr>fc 

[0 0 3 8] t*X (1-^757) 5/5>ifcK*R 

mt&mofcmzmm2#z*mw<DJi&$:n®mizm 

WVtz. t*X (t-75P;U75/) ->^>«. ->^>& 
p d > «fc 0 fc5fc£K«**#e«3SjMt<D# 

5 0 0t;~8 0 0"C©fiffi«fflt*l»T>T*L<ta2 0 
mTorr— 2Torr (2. 6 6 6~2 6 6. 6P 
30 a) TffOo tt*ca«Xt47^=f>©«fc5^Btt*f 

Mt^7>tz7©€M/h'X (t- 

y^;u7 s y ) >©^;HS©ffli4JT* t < 14 2 =t <o 

[0 0 3 9] 

[HUM] Ml] crMttLPCVD^fr (2 0m 
Torr~2Torr (2. 6 6 6 — 2 6 6. 6 Pa) 
©ifiJE^^H) T'©, 7>tX7it*X (t-^;i^7 
5 7) ->7>©R*fc-Srtr. 5t^KS0C7> ; EX7 : & 

(5 0 0-8 0 OTC) t#At"-5o 
JE^rt©^XA-±HSKT. 7>^x7/a^i!S©Jt© 
fi^2-l 0©«5H(C#O o gfta^©ii^^^*->'J 

3>"7XA-^iSKj«ss-&a. cne,©^Mi4m«iHi 

BHSCiStil/K JftS!WftSI»J41 5 0mm*y h 

/uLPcvDzK^SitssgTffofc**. ea©^ 

ttttlifli&t>. ^©^1*14, 7 5~10 0f@©v'J 
50 it^tt. c©RiSCK*$n*x*;^-tt*«feig 



(7) 



1 1 - 1 7 2 4 3 9 



11 

CO 0 4 0 ] Sil»^M«fffi&fflUf¥T#tt$ 
H^Sft*. FT-IR^hM. WK^DD 

iBHffa*2 1 0 0 cm-i©S i -H#3B1B«, 

fl5HS**8 3 4 cm-l(7)S i -N#3Bflg«K»*. Zlfte. 

u ®mm\ti. 95-2. oio«ht»o&. sit* 
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a^sxofidEB. ii4 3 5 7 

fc. rnsa)&K©ariEtt&K«)«$*i^ici^-tf»o 

«2JR^X) «fc9'>fcrt*ofc. 

[0 0 4 1] U < Ort>©S& jfcWftR £*589J© tTX 

[0 0 4 2] 
[12) 









m 




HI & 
seen 






NH 3 

/Si 




S3 
fr 
$ 




fc*SC 




Ion 

<Pa) 


oms. 

X 


£& 
X 


mTorr (Pa) 


aas 

A/miii 


fx tftfTF 

TZ /) >5 V 


H,Si(N[CH s ],)* 


118.25 


>10 
01333) 


27 


22.0 


600 
650 


600(79.99) 


6.0 


5.5 


2.00 


7 5/) ->5> 


HSi(«[CH»]»)> 


161. 32 


8 

(1067) 


29 


21.6 
21.6 
21.6 


600 
650 
700 


600(79.99) 
600(79.99) 
600(79.99) 


6.0 
6.0 
6.0 


0 
12 
22 


1.75 
1.89 


fx (v^+n, 

7 5 /) >5> 


H.SKNCCftJt), 


174. 36 


14 
(1867) 


65.4 


48.3 
38.6 


550 
600 


300(40.00) 
500(66.66) 


0 
0 


15 
16 


1.65 
2.00 


fx <t-r^rt- 


HzSKNHC.H,), 


174. 36 


7.5 


45 


22.0 


600 


600(79.99) 


8.0 


14 


1.96 


75 /) ->7> 






(999. 9) 




22.0 


650 


600(79.99) 


5.0 


58 


1.95 












22.0 


700 


600(79.99) 


3.0 


124 


1.96 




(CiH.)»Si(HBi)> 


174. 36 


2.1 




21.0 


600 


600(79.99) 


3.3 


12 


1.87 


yri/->7> 






(280. 0) 




18.6 


650 


600(79.99) 


7.1 


43 


1.93 












26.0 
21.0 


650 
700 


600(79. 99) 
600(79.99) 


5.1 
S.3 


57 
130 


1.94 
1.99 


h 'J X (x^-A, 


CEsSKNHCBOa 


189.38 




54 


11.0 


600 


600(79.99) 


4.0 


9 


1.73 


ri /) xf-A 










11.0 


650 


600(79.99) 


4.0 


30 


1.87 












23.0 


650 


600(79.99) 


6.0 


47 


1.88 












11.0 

23.0 
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